manifestation of acute gout despite often severe hyperuricaemia. Background. In gouty arthritis, monosodium urate (MSU ) crystals interact with monocytes and neutrophils to produce inflammatory reactions associated Keywords: cytokines; end-stage renal disease; gout; monocytes; monosodium urate crystals with acute synovitis. In patients with end-stage renal disease ( ESRD), gouty arthritis is a rare condition despite often severe hyperuricaemia. We wondered whether differences in the secretion of proinflammatory
Introduction
cytokines by MSU crystal-stimulated monocytes might be one explanation for the low incidence of gouty arthritis in patients with ESRD compared with healthy Rheumatic disorders are a major complication of controls.
chronic renal insufficiency, mainly in patients on longMethods. Thirteen patients with ESRD on intermittent term haemodialysis (HD). Numerous metabolic and haemodialysis treatment, six patients with chronic renal musculoskeletal complications have been described, failure not yet on dialysis, and 15 age-and sex-matched including septic arthritis, avascular necrosis, renal healthy controls were examined. Monocytes, purified osteodystrophy, chronic b 2 -microglobulin amyloidosis, from peripheral blood mononuclear cells (PBMC ) by aluminium arthropathy and calcium crystal-related immunomagnetic bead separation, were incubated for arthropathies [1] [2] [3] [4] . However, despite prolonged and 18 h in the presence of MSU crystals, Escherichia coli severe hyperuricaemia, gouty arthritis is considered to lipopolysaccharide (LPS ) or medium alone. The super-be rare in end-stage renal disease ( ESRD) [5, 6 ] . Recent natants were studied for the presence of interleukin studies providing information on the incidence of gouty (IL)-1b, IL-6 and tumour necrosis factor-a (TNF-a) arthritis in long-term ESRD demonstrated a remarkusing cytokine-specific enzyme-linked immunosorbent able improvement in the clinical activity of gout followassays.
ing the initiation of dialysis therapy [7, 8] . Furthermore, Results. Monocytes from patients with ESRD pro-in the study by Ifudu et al. [7] , none of a group of duced significantly lower amounts of IL-1b, IL-6 and patients on HD with hyperuricaemia developed new-TNF-a after stimulation with MSU crystals or LPS onset clinical gouty arthritis. These results were conthan did monocytes from healthy subjects. Cytokine firmed by another smaller prospective study on 25 production was not significantly different between long-term HD patients [9] , in which only two patients ESRD patients on haemodialysis and chronic renal developed monarthritis during a mean follow-up time failure patients not yet on dialysis. Artificial MSU of 24 months. However, upto now, we are not aware crystals were stronger stimuli than tophus-derived of any studies on the immunopathophysiological mech-'natural' MSU crystals.
anisms leading to the reduced frequency of gout attacks Conclusion. We demonstrate that monocyte-associated in ESRD. immunosuppression in ESRD leads to reduced secreIt is known that in gouty arthritis, monosodium tion of proinflammatory cytokines in response to stim-urate (MSU ) crystals interact with monocytes, neutrouli such as MSU crystals. This may be one of the phils and endothelial cells to produce inflammatory factors preventing many ESRD patients from the reactions associated with acute synovitis [10] . Among the factors that regulate the grade of inflammation in joints that contain MSU crystals, coating of the crystals Correspondence and offprint requests to: Dr Elisabeth Märker-by different proteins may be one important modulating inorganic crystals have been shown to induce the Isolation of peripheral blood monocytes formation of specific antibodies which in turn can Mononuclear cells (MNC ) were isolated from heparinized catalyse the more rapid formation of new crystals blood by standard Ficoll-Hypaque density centrifugation [12, 13] . Thirdly, a balance between various cytokines (Histopaque-1077, Sigma, Deisenhofen, Germany). In HD and other molecules that exert pro-and anti-patients, blood was drawn directly before HD started in inflammatory effects has been incriminated in the order to avoid monocyte activation by the procedure of HD. modulation of MSU crystal-associated synovitic In the first series of experiments, various methods for the inflammation. Neutrophils and endothelial cells may purification of human monocytes from MNC were evaluated: be a source of oxygen radicals in crystal-induced the E-rosetting technique to enrich monocytes and B-lymphoinflammation, since these cells phagocytose MSU crys-cytes and remove T cells, Percoll density gradient centrifugation, counterflow centrifugal elutriation and tals and produce superoxide anion [14] . Monocytes immunomagnetic separation (IMS). The aim of these evaluexposed to MSU crystals secrete interleukin-1 ( IL-1), ation experiments was to achieve a pure population of tumour necrosis factor-a ( TNF-a) and interleukin-6 monocytes with minimum pre-activation due to plastic adher-(IL-6) [15, 16 ] which cause both local inflammation ence or other in vitro manipulations. The monocytes should and systemic manifestations including fever and elev-also be stimulated optimally by mitogens and by MSU ated C-reactive protein [17] . In contrast, regulatory crystals. synovial cytokines such as transforming growth factorb1 ( TGF-b1) may down-regulate actue and chronic
The E-rosetting technique to enrich B cells and inflammation [18] . monocytes Here we analyse crystal-cell interactions in patients with ESRD compared with age-matched healthy con-MNC (5×107) were resuspended with 2 ml of a prepared trols and test the hypothesis that suppression of proin-solution of 300 ml of sheep erythrocytes incubated with 100 ml flammatory cytokine responses due to an uraemia-of Test-Neuraminidase (Centeon, King of Prussia, PA, USA) associated monocyte immune deficiency may be one in 4.6 ml of RPMI-1640 (Seromed, Berlin, Germany) for explanation for the relatively low incidence of gout in 30 min at 37°C, layered on Ficoll 1.090 (Biochrom, Berlin, patients with long-standing renal insufficiency.
Germany) and centrifugated for 30 min at 2800 r.p.m. [21] . The interface layer containing B cells and monocytes was collected and washed with PBS/3% fetal calf serum (FCS).
Subjects and methods

Percoll density gradient centrifugation
MNC (5×107) were suspended in 2 ml of a 100% Percoll Patients solution (Percoll, Sigma, Deisenhofen, Germany) in a 15 ml centrifuge tube and overlayered by Percoll gradients conThirteen patients with ESRD on intermittent HD were taining 3 ml layers of 60, 50 and 35% of Percoll in PBS. studied (five male, mean age 60 years, range 49-70 years, After centrifugation for 20 min at 3000 r.p.m. and 4°C, the mean duration of HD 4.0 years; eight females, mean age 69 monocytes were collected from the interface between the 60 years, range 39-85 years, mean duration of HD 2.8 years). and the 50% layer and were washed with PBS/3% FCS. The renal diseases leading to HD were the following: diabetic nephropathy (n=6), chronic pyelonephritis (n=3), Wegener's disease (n=1), arteriolar nephrosclerosis (n=1) Counterflow centrifugal elutriation and analgesic nephropathy (n=2). None of the patients received steroids, immunosuppressive drugs, allopurinol or A J2-MC Elutriator system (Beckmann, Munich, Germany) any other drug that could lead to alterations in cytokine was treated with PBS/1% bovine serum albumin (BSA) to synthesis. Furthermore, we studied six patients with pre-block unspecific binding sites and then washed with elutriterminal chronic renal insufficiency who were not yet on ation buffer (PBS ). The elutriation of monocytes was perdialysis (three male, mean age 60 years, range 48-71 years; formed according to a method described by Fidgor et al. three female, mean age 56 years, range 29-82 years). In these [22] and to the manufacturer's instructions at 1600 r.p.m. patients, the renal diseases leading to chronic renal failure and 16°C. At an initial flow of 20 ml/min, remaining red were diabetic nephropathy (n=3), chronic pyelonephritis blood cells and detritus were removed from the elutriation (n=2) and analgesic nephropathy (n=1). As healthy control chamber. Thereafter, 1000 ml of a cell mixture of lymphosubjects, eight male blood donors (mean age 62 years, range cytes and a few monocytes was collected at a flow of 50-86 years) and seven female blood donors (mean age 73 29 ml/min. The monocytes were finally collected at a flow of years, range 40-92 years) were selected. 50 ml/min into 50 ml tubes and kept on ice until they were centrifuged for 10 min at 1200 r.p.m. and 4°C and resuspended in Dulbecco's modified Eagle's medium (DMEM; Gibco, Eggenstein, Germany) containing 10% heat-
MSU crystals
inactivated human AB serum.
Artificial MSU crystals were prepared under pyrogen-free conditions from a supersaturated solution of sodium urate Immunomagnetic separation of monocytes as described [19] . Natural MSU crystals were obtained from a tophus surgically removed from a patient suffering from IMS was performed using Dynabeads according to the manufacturer's instructions (Deutsche Dynal, Hamburg, gout, purified as described and washed in phosphate-buffered saline (PBS) [20] .
Germany). Briefly, Dynabeads M-450 were washed twice in PBS/3% FCS using a Dynal MPC-1 magnetic separation IMS as described above, and afterwards analysed by device. Peripheral blood MNC (PBHC ) prepared by the E-fluorescence-activated cell sorting (FACS ) for purity rosetting technique were suspended in PBS/3% FCS at 2×107 and yield of monocytes. Three independent expericells/ml in a 15 ml conical tube, and the pre-washed ments (three different blood donors) were performed Dynabeads M-450 were added together with anti-CD2 and with each of the above separation methods. Best values anti-CD19 monoclonal antibodies (Immunotech, Hamburg, for purity and yield of monocytes were measured and Germany). After incubation at 4°C for 30 min with gentle calculated for Percoll centrifugation and IMS with tilting and rotation, the tubes were placed in a Dynal MPC comparably good results for monocyte purity (>95%)
for 2 min to remove magnetically the CD2+ and CD19+
and monocyte yield (60-75%) (see Table 1 ).
cells coated with beads. The unbound, negatively selected cells were transferred to a fresh tube, and a second magnetic In contrast, elutriation and E-rosetting showed less separation procedure was performed. The resulting cells were favourable results and were therefore considered to counted, and resuspended in DMEM (Gibco) containing be unsuitable for further experiments.
10% heat-inactivated human AB serum.
Cytokine release of monocytes depending on the Monocyte stimulation by MSU crystals and purification method used lipopolysaccharide
The different separation methods were also compared Freshly isolated blood monocytes (0.5×106 cells per well ) in order to evaluate the extent of monocyte prewere cultured with the various stimuli (artificial and natural activation during these procedures and the optimal MSU crystals at different concentrations, purified lipopoly-activation after mitogen or MSU crystal stimulation saccharide (LPS) from Escherichia coli, (Sigma, Deisenhofen, by measuring the cytokine release. Monocyte isolation Germany) or culture medium alone) in 48-well flat bottom by Percoll led to higher production of IL-1b, IL-6 and plates (Greiner, Nü rtingen, Germany) for 18 h. An incuba-TNF-a, (data shown for TNF-a, see Figure 1 ) in tion time of 18 h was found to induce peek levels of cytokine unstimulated cells (medium) than counterflow centrifusecretion by the monocytes. The supernatants were collected, gal elutriation, E-rosetting or IMS. In contrast, Percoll centrifuged to remove crystals and cell debris, and stored at isolation of monocytes induced the highest spontan-−80°C until they were tested for the presence of cytokines.
eous levels of the three cytokines (medium control ). Therefore, for further experiments, the IMS method ELISAs for IL-1b, IL-6 and TNF-a was chosen, since it showed high monocyte purity after isolation (see Table 1 ) and led to very low spontaneous bodies, respectively. After washing, excess sites were blocked with 100 ml of 5% BSA (Serva, Heidelberg, Germany) in Monocyte IL-1b, IL-6 and TNF-a secretion induced by PBS. After subsequent washing with PBS/0.05% Tween, the MSU crystals and LPS reaction mixtures (100 ml of culture supernatants) were pipetted into triplicate wells; standards were always included in Monocytes separated by immunomagnetic beads sponthe same trays. The plates were incubated overnight and taneously released only very low amounts of cytokines. washed four times, followed by incubation with 100 ml of When the cells were stimulated with LPS or various biotinylated rabbit anti-human IgG (2 mg/ml ) (Serva) and amounts of artificial and natural MSU crystals, the subsequently with 100 ml of avidin-conjugated peroxidase (1 mg/ml ) (Dako, Hamburg, Germany). Finally, substrate ABTS (Serva) was added. Colour development was measured 
terms of total cell yield and purity of monocytes
After the PBMC were isolated by Ficoll, the monocytes Data for monocytes, T cells and B cells as measured by FACS were separated by E-rosetting, Percoll density gradient analysis are given as a percentage of the MNC population initially separated by Ficoll-Hypaque centrifugation.
centrifugation, counterflow centrifugal elutriation and cytokine secretion was significantly increased. In these experiments, stimulation with artificial MSU crystals was more effective than stimulation with microcrystals that had been prepared from a tophus (natural MSU crystals) ( Figure 2 ). For all proinflammatory cytokines (IL-1b, IL-6 and TNF-a) tested, cytokine production by monocytes from patients with ESRD (both HD patients and patients with chronic renal failure not yet on dialysis) was significantly reduced as compared with healthy controls ( Figure 2 ). Although the number of patients with chronic renal failure not yet on dialysis was small, the cytokine production by these patients were statistically not significantly different from the patients who were on intermittent HD. evidence that the monocytic phagocyte system is cru-concentration of IL-1b, IL-6 and TNF-a measured by ELISA. cially involved in the pathogenesis of gout [10] . Statistical analyses were performed for the differences between the group of ESRD-HD patients and the group of healthy controls, and Therefore, this study was designed to compare the the group of ESRD patients and the group of healthy controls, capacity of purified monocytes from the peripheral respectively. **P<0.001, *P<0.005, ns=not significant. blood of patients with ESRD and from healthy blood donors to produce proinflammatory and regulatory cytokines in response to MSU crystals. stimulatory effect of MSU crystals on IL-1 and IL-6 release from monocytes [17] . These studies demonThe results found here in the group of healthy subjects are in concordance with previous work on the strated that within hours after incubation with MSU crystals, monocytes produced proinflammatory cyto-crystals. Therefore, we would suggest choosing for further studies in this field the IMS method ('negative kines and expressed cyclooxygenase-2 [23] . In addition, isolation' by antigen-antibody reactions) to separate MSU crystals could activate endothelial cells [24] . The monocytes from an MNC fraction. resultant release of inflammatory mediators from the Interestingly, natural MSU crystals were biologically endothelium and from monocytes is believed to be much less active than synthetic counterparts (artificial important in specific aspects of the pathogenesis of MSU crystals), which was in contrast to the findings gout including acute local synovitic inflammation and of Stankovic et al. [20] . It should be noted, however, systemic acute phase responses.
that these human crystals were obtained from tophi Concerning patients with ESRD, the working hypoin the skin where they are known to evoke little, thesis of our present work has been that suppression if any, inflammation aside from phagocytosis by of the proinflammatory cytokine response due to an macrophages. uraemia associated monocyte immune deficiency might In summary, the findings presented here may represbe one explanation for the relatively low incidence of ent one aspect of how proinflammatory monocyte gout in long-standing renal insufficiency. Several previreactions in response to MSU crystals and the resulting ous studies have suggested that ESRD induces a clinical acute gouty arthritis might be prevented in patients state of immune deficiency, including an increased with ESRD. Differences between ESRD patients and incidence of bacterial and fungal infections, an healthy controls may also involve differences in MSUimpaired efficacy of vaccinations such as hepatitis B induced complement activation, neutrophil and endo- [25] and clinical and serological remissions of systemic thelial stimulation or T cell mitogenesis. The effects of lupus erythematosus (SLE ) as azotaemia develops MSU on neutrophil activation in ESRD patients are [26 ] . In vitro, impaired T cell-mediated immune now under investigation in our laboratory. responses in ESRD are based mainly on reduced T cell-activating capabilities of monocytes [27] , an involvement of the B7/CD28 pathway [28] as well as enhanced monocyte apoptosis [29] .
